Objective: the aim of this study was to compare the efficacy of focused versus radial unfocused low energy extracorporeal shock-wave therapy on chronic wound healing.
Chronic wounds, which also known as ulcers, are wounds that don't heal in a predictable amount of time in the way most wounds do; wounds that do not heal within three months are often considered chronic. These wounds do not close without intervention and are sometimes unresponsive to healing interventions. Diabetic foot ulcers, pressure ulcers or pressure sores, venous leg ulcers, and sternal wound infections are all recognized as chronic wounds because their etiologies delay and prevent healing, and they persist without proper medical care [1, 2] .
Non-healing wounds are a significant, functionally-limiting medical problem impacting the quality of life for millions of people each year. Ulceration healing and its effects on the elongation of hospitalization period is a major economic issue that faces the physical therapists and other team members of ulcers rehabilitation. Wound care is an expensive component of inpatient care and lasts for a long time that presents a critical risk factor for complications such as infection and amputation; chronic wounds also lead to marked impairment of patients' quality of life [3, 4] . Ischemia, an essential element of which is tissue hypoxia, has been shown to limit granulation tissue formation, diminish epithelialization and decrease biomechanical strength parameters in wounds. Reduced tissue oxygen tension has been confirmed to lower collagen synthesis in wounds, improve the activity of matrix metalloproteinase and induce abnormal expression of a variety of growth factors and cytokines within the wound [5] . Lack of perfusion decreases tissue resilience, leads to rapid death of tissue, and impedes wound healing. Wound healing and tissue regeneration depend on an adequate blood supply to the region. Ischemia due to vascular disease prevents healing by reducing the supply of oxygen, nutrients, and soluble mediators that are involved in the repair process [6] . The chronicity of ulcers and its liability to lead to amputations, coupled with the frequent need for long-term treatment require the use of therapies that are simple, effective, safe and cosmetically acceptable [7, 8] . The use of new therapeutic methods may prevent progression of foot ulceration and improve health-related quality of life, thereby significantly reduce overall costs and lower-extremity amputations [9] . Nearly for the last three decades, extracorporeal shock wave therapy has been clinically implemented as an effective treatment to disintegrate urinary stones. This technology has also emerged as a safe, effective noninvasive treatment modality for several orthopedic and traumatic indications including problematic soft tissue wounds [10] [11] [12] [13] . There are several devices with focused and unfocused shock waves that have been applied to a different group of wounds. Extracorporeal Shockwave Therapy firstly used focused shock waves. Several years ago a new kind of shockwave therapy was introduced: radial shockwave therapy. Recently, radial shockwave generators are often used because they are more affordable than focused shockwave generators. To date, there is no consensus on which more efficient radial is or focused shock wave therapy in chronic wound healing. The aim of this study was to compare the efficacy of focused versus unfocused radial shock wave therapy in chronic wound healing.
PATIENTS AND METHODS
Sixty patients (24 Female & 36 Male) with chronic wound were included in the study. Patients were recruited from EL-Mataria Teaching Hospital, Cairo, Egypt, between 2013 and 2016. Inclusion criteria were; patients had unhealed wound more than three months, patients' age between 45 and 55 years, all patients were conscious, all patients had no diabetes or blood problems, patients signed a consent form before entering the study. Reasons for exclusion were; Patients with pacemakers, coronary bypass, pregnancy, peripheral vascular disease, diabetes, coagulation diseases or history of neoplasia, Tumor over the affected area. Also, patients with bleeding disorders, arthemia, medications that prolong blood clotting, septic infection of the joints, growing nucleus, acute inflammation with pain, osteoporosis, wound size less 1 cm or greater than 10×20cm. The patient medical profile was completed for every patient that included personal data, the main disease causing the ulcer, secondary diseases, previous treatments and their costs, and previous medications. Eligible patients were randomly divided into three groups. Group A; received Focused Extracorporeal Shockwave Therapy (ESWT) in addition to standard care. Group B received Unfocused Extracorporeal Shockwave Therapy (ESWT) in addition to standard care. Group C received standard care only. Block randomization was done through software computer program by an independent assistant researcher, but he was not involved in the treatment or the outcome assessment. Ethical Considerations: The aims, procedures of this study were fully explained to the patients. The study was approved by local ethical committee, and it is in accordance with the Declaration of Helsinki Procedures of study: Measurement Procedures Assessment of Wound surface area: Assessment of wound was done for all patients before the treatment (pre) and after three weeks of treatments (post). A digital camera was used to photograph ulcer with using macro function. The wound area and its following reductions were measured with the Rhinoceros program software running on a personal computer [14] .
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surface area and wound volume variables showed normal distribution, ANOVA test was used to detect mean differences in duration, wound surface area and wound volume between three groups. Post-Hoc test used to test differences between each pair of groups. Kruskal test was used to detect differences in wound site, underlying causative disease between three groups. P value less than 0.05 was regarded as significant.
was measured through injection of sterilized saline into wound by using graded syring and calculated the amount of saline at each time.
Measurements were done before (pre) and after three weeks of treatment (post). The parameters such as energy flux density, pulse number, and frequency for shock wave application were chosen based on our experience in pre-studies and on other studies relating to low-energy shock wave application. Sterile ultrasound gel was spread over the wound and covered by a sterile drape. The coupling gel was spread to provide an air-free contact for the extracorporeal shock wave therapy head and to prevent any cross-contamination of the device. The head was then moved directly around the perimeter of the wound. No local anesthetic used because low energy flux density was used during the treatment. All three groups received standard wound treatment that consisted of a regular debridement to remove surrounding callus and local wound care by Silvercell dressing for an average of 48-72 hours, treatment of infection by appropriate systemic antibiotics. Statistical Analysis: Data obtained were analyzed using SPSS software, statistical package for the social sciences version 20.0 (SPSS Inc., Chicago, IL, USA). Continuous variables were summarized as mean ± standard deviation (SD) and categorical variables as frequency and percentage (%). As data of age, duration, wound (1) there were no significant differences between three groups as P value >0.05.
RESULTS

Fig. 1:
Flow of participants through the study. Table ( 2) showed statistical analysis of mean differences of wound surface area and wound volume for patients in three groups pre & post treatment. Regarding wound surface area, there were no significant differences between three groups pre-treatment as P value > 0.05, while there were highly significant differences between three groups post-treatment as p value < 0.05. Results of wound volume among three groups showed that there were no significant 
DISCUSSION
Chronic wounds include, but are not limited, to diabetic foot ulcers, venous leg ulcers, and pressure ulcers. They are a challenge to wound care professionals and consume a great deal of healthcare resources around the globe. Chronic skin ulceration in long-term care is a problem as it can delay rehabilitation, time-consuming and decreases the quality of life. Therefore, it would be necessary to find therapeutic solutions able to aid the healing process by reducing, at the same time, some dressings applied, the need for assistance in wound care and the need for surgery [15, 16] . Chronic wound treatment is based on mechanical debridement, use of flaps or skin grafts, advanced dressings and, in an experimental way, application of a particular type of acoustic wave, defined shock wave. Nowadays ESWT can be considered an effective, safe, versatile, repeatable, noninvasive therapy for the treatment of many musculo-skeletal diseases, and for some pathological conditions where regenerative effects are desirable, especially when some other noninvasive/conservative therapies have failed [17, 18] . The results of this study showed significant decrease in wound surface area for focused SWT group (A) and radial SWT group (B) more than control group (C), p value <0.05. The percentage of reduction of wound surface area for group A, group B and group C were 22%, 53%, 5% respectively. In addition, the results of the study showed significant reduction in wound volume differences between three groups pre-treatment as P value > 0.05, but there were highly significant differences between three groups posttreatment as p value < 0.05. Fig (2) & fig (3) showed the percentage of improvement between three groups. Table ( 3) showed multiple pair comparisons between groups. There were highly significant differences between control group and either focused or radial shock wave group regarding wound surface area or wound volume posttreatment. In addition, there are significant differences between focused and radial shock wave group post-treatment.
for group (A) and group (B) more than control group (C), p value <0.05. The percentage of reduction of wound volume for group A, group B and group C were 46.5%, 71%, 13% respectively. This reflected the improvement of chronic wound healing following treatment with extracorporeal shock wave therapy, whatever focused or radial . The clinical benefits of SWT may be ascribed to its beneficial effects on the microenvironment of the wound. It stimulates physiological angiogenesis, due to the release of NO and vascular growth factors at the site of the ulcer. Previous studies [15, [19] [20] [21] [22] [23] [24] [25] [26] showed that shock waves are effective in stimulating several endogenous growth factors such as EGF, IGFl, VEGF and nitric oxide production, inducing angiogenesis and promoting the healing of fractures, ulcers and complex lesions. Gerdesmeyer et al. [27] showed in their studies the antibacterial effect of shock waves mediated by cavitation. Radial shockwave generators generate waves that are very different from those generated by focused shockwave generators. Radial shockwaves lack the characteristic features of shockwaves such as a short rise-time, a high peak pressure and non-linearity [28] . Another difference is that radial shockwaves have a more superficial effect on tissue, compared to focused shockwaves which reach a maximal energy in the focus that is located deeper into the tissue [29] . These differences don't imply that radial shockwave therapy is less effective than focused shockwave therapy and each therapy may even have a different working mechanism. To date, literature review have no studies compared both types of shock wave therapy on chronic wound treatment. The present study revealed superiority of the radial extracorporeal shock wave treatment as compared to the focused extracorporeal shock wave treatment. Combining all tested variables (wound surface area and wound volume), resulted in a superior outcome for the group B treated with radial shock waves more than group A treated by focused SWT. The percentage of reduction of wound surface area and wound volume for focused SWT were 22%, 46.5 % respectively while for radial SWT were 53%, 71%. No side effects or discomforts were reported in both groups because of SWT application.
CONCLUSION
Radial extracorporal shock wave therapy may be superior compared to focused extracorporeal shock wave therapy on chronic wound healing using the same low intensity energy flux densities. Further studies are needed using different parameters and follow up .
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